This study evaluated the epidemiological behavior of the hepatitis A in Paraná state and compared the costs of the disease and the vaccination. This is an epidemiological descriptive study including a pharmacoeconomy analysis. We collected information in the national database reported cases (SINAN), in the mortality information system (SIM) and in the hospital information system (AIH) among 2000/2003 (Paraná State Public Health Department). We estimated the probability of one cohort of children to acquire hepatitis A during their lifetime and the costs with their treatment. We compared those costs with the cost of vaccinating the children. 14,682 hepatitis A cases were registered during the period studied, and 12,102 (82.4%) occurred in the 0-15 years-old age group. The annual incidence in the general population was 37.5/100,000. We observed 20 deaths caused by this disease; 7 of those occurred by liver failure. The estimated costs with the disease included the hospital costs, liver transplantation, liver failure treatment, and laboratory tests were high. The price of the vaccine is 10 USD/dose. Two doses are necessary to get the protection. The results showed a positive cost -benefit relation when we vaccinate children. We save 2.26 USD in treatment for each dollar invested in the vaccine. Paraná record high number of hepatitis A cases each year. We confirmed the positive costbenefit relation when we vaccinate children against hepatitis A, reducing suffering, hospitalization, death and social costs. Vaccination against hepatitis A should be recommended in the routine of immunization program in Paraná state.
Hepatitis A is a disease caused by a RNAvirus that is classified as a member of the picornavirus family [1] [2] [3] .It is considered an acute benign disease, rarely fatal, normally limited to liver. The lethality, which increases with age, has been reported to be around 0.30%; however it increases to 2% in patients over 40 years of age [2] . Its clinical manifestation is marked by a self-limited, acute clinical state associated to fever, fatigue, abdominal discomfort, jaundice, anorexia and nausea [4] .
Around 70% of the children, aged 6 years or less, present asymptomatic form of the infection. Older children and adults usually suffer from a symptomatic form of the infection, which can last for a few weeks. Jaundice occurs in 70% of all cases [2] . Severe cases, such as fulminant hepatitis, are rare. There is no chronic infection [4] . Adults may develop complications such as: cholestasis, arthritis and vasculitis, auto immune hepatitis, acute liver failure, purpura and aplastic anemia [5] .The incubation period is around 28 days and represents the period of highest infectiousness [2] .Since there is no specific treatment for it, the adoption of preventive measures against hepatitis A is crucial. In order to help with the prevention of the disease, it is important to be aware of how the disease is transmitted. The virus is usually transmitted from person to person or through contaminated food such as raw seafood, or contaminated water. This condition is common in developing countries. In developed regions, the disease is transmitted through sexual contact, especially amongst active homosexuals, and the use of illegal injectable drugs (the most common form of infection in developed countries, in addition to traveling to regions where the disease is endemic) [6] [7] [8] [9] and blood transfusions [10] . As a general measure, the implementation of a basic sanitary program should be one of the main actions. Passive immunoprophylaxis, using immunoglobulin intramuscularly, can also be indicated. The immunoglobulin can be used up to two weeks after the initial exposure to the virus. However during a study carried out in Amsterdam in which immunoglobulin was administered to the closed contacts of 596 hepatitis A patients, this measure proved to be ineffective in the prevention of the disease although it had reduced the symptoms [8] .The most effective way to avoid the disease nowadays is with the vaccination. Vaccines against hepatitis A are prepared from the culture of adapted HAV (hepatitis A virus) cells, which are propagated in human fibroblasts, purified by cellular lyses, inactivated by formaldehyde and adsorbed on aluminum hydroxide. Currently available vaccines are recommended for use in individuals over 12 months of age. The effectiveness is reduced in individuals younger than 12 months due to the interference of maternal antibodies. Different formulations for adults and children are available. The administration of two doses, intramuscularly, is recommended. The seroconversion is fast, approximately 12 days (the incubation of the hepatitis A virus lasts around 28 days), so the vaccine can be administered after a short period of exposure to the virus [11] . Adults aged between 20 and 39 years have the fastest rate of seroconversion [12] . The age of vaccination also influences the seroconversion rate. In a study carried out with Thai children who were vaccinated at eight months, 94% exhibited seroconversion while of those vaccinated at 12 months, 99% displayed seroconversion [13] . Chinese studies have shown that the immunity induced by the vaccine offers long term (25 years) protection [14] . Some pain, redness or edema may occur in the vaccine application site in around 20 to 50% of the vaccinated people [14] . In the United Kingdom, out of a total of 1 million vaccinated people, 548 reported suffering from mild symptoms such as fatigue, fever and localized cutaneous rash. In the USA, 428 out of 6 million vaccinated individuals reported mild adverse effects [12] .
The data regarding the disease are a source of concern: -There are 1.5 million cases of hepatitis A in the world -The annual cost for the treatment of the disease is 480 million dollars in the USA. -Hepatitis A is responsible for 10 to 20% of all liver failure cases in the United Kingdom. -Hepatitis A is responsible for 20% of all liver transplants in Argentina [12] . The Brazilian population is at a high risk of contracting the disease due to the deficient or total lack of sanitary systems in some of the regions of the country. The prevalence in Brazil, determined by serological tests is 65% [3] . More specifically, in a study carried out in the State of Rio de Janeiro in children at age 10, 50% of the poor class had HAV antibodies while 28% of middle and higher class [10] .In Fortaleza, Ceara more than 90% of the poor children were infected while less than 25% in other classes were infected [6] . In Porto Alegre, Rio Grande do Sul, 20% of the poor children were infected while 3% in other classes were infected [15] .
This study evaluated the epidemiological behavior of Hepatitis A in the State of Paraná, Brazil; and compared the costs of the disease and the costs of active immunization against hepatitis A.
Materials and Methods
This is an epidemiological descriptive study including a pharmacoeconomy analysis. The development of the project was approved and had support from the Paraná State Health Department (SESA).
Data Collection
The data collection included: The SPSS statistical program, version 10, was used in the analysis of the data.
The pharmacoeconomy analysis was done with the assistance of an expert on the issue, who is the coordinator of the Infectology Department of the Liver Transplant project in the Dr.Cosme Agerichv Hospital, Buenos Aires, Argentina.
Results

The Magnitude of Hepatitis A Problem in the State of Paraná Hospital Admission
The analysis of the AIHs data showed that 432 people were hospitalized with hepatitis A diagnosis (CID -International Diseases Classification -B15) with laboratory confirmation. Because the clinical characteristics are similar for all types of acute viral hepatitis, hepatitis A diagnosis was confirmed by a positive serologic test for immunoglobulin M (IgM) antibody to hepatitis A virus (ELISA test).
Hepatitis A Data Reported to the Epidemiological Surveillance System
The total number of hepatitis A (CID B15) cases registered during the period studied was 14,682. Table 1 shows the number of cases per year. There was a reduction in the number of reported cases in the last few years.
A higher proportion of hepatitis A cases was observed among males (52.5%). An increase in the number of reported cases during the months of March, April and May was observed too.
The proportional distribution by region showed the highest number of cases in Curitiba and metropolitan region (30.4%). This region represents the biggest population concentration of the state.
The age of the patients ranged from 6 months to 89 years, with an average age of 10.1 years. The annual incidence rate of hepatitis A in the State of Paraná was 37.5/100,000 inhabitants/year. Eighty two per cent of the patients were aged 15 years or less.
The hepatitis A incidence rate among those aged 5 years or less was 122.5 cases per 100,000 inhabitants/year. For those aged between 5 and 15, the incidence of cases was 100.3/ 1,000,000 inhabitants/year. In the 16 to 49 age group, the incidence was 1.9 and for those aged 50 or older 2.31/100,000 inhabitants/year. 
Hepatitis A Deaths
Twenty death certificates were recorded indicating hepatitis A as cause of death. Out of the total number of deaths, 12 (60%) were female; 50% of all deaths occurred in those aged 15 or less. The main cause of death was fulminant hepatitis with liver failure which represented 35% of all deaths.
Estimated Costs Cost of the Disease
In order to assess the cost of the disease, a hypothetical model that shows the probability of a cohort of children, from birth until 50 years of age, acquiring the disease, was created. The costs of the disease were estimated based on the results of the model.
According to the Table 2 , there are 177,635 children aged 1 or less in Paraná.
The preparation of a statistical model was based on the data regarding of the incidence of hepatitis A up to 59 years of age (study carried out in Sao Paulo, Roberto Focaccia, et al, 1998 , published at the BJID) [16] . Seroprevalence of Hepatitis A antibody is more representative of the population infection rate than the formal register of cases. As there was not a seroprevalence study of Hepatitis A in Paraná State, we chose the data of Sao Paulo research study [17] (Table 3) . Example: in the 10 to 14 years age group, 35.81% are serologically positive (out of an age group population of 13,713 in Paraná). Out of these, 70% are symptomatic (9, 599 
Discussion
According to our data collection, the distribution of HAV cases in Paraná (2000 Paraná ( -2003 has shown that 82.4% of those infected are aged between 0 and 15 years. In Holland, 2004, it was observed the average age of those infected is 35 years, with 77.8% of them being aged 15 or over [8] . In Paraná, children among 0-15 years of age correspond of 50% of all deaths. Probably the pattern is different because they are of different regions. When analyzing the data, it is important to take into consideration the fact that the most serious form of the disease is much more common in adults than in children. In general, literature reports one death for every thousand cases of hepatitis A. However, according to our data, there were 14,682 reported cases and 20 deaths. According to this, the expected result would be 14 deaths. This difference in the number of expected deaths and observed deaths implies that not all cases are being reported. It is important to consider the lack of etiologic confirmation and some inconsistencies of the reported data in the past [3, 17] . According to SIM (mortality Information system), liver failure is the main cause of death (35%) among hepatitis A patients in Paraná. These results are according to the majority of articles published. Our study has shown that children younger than 15 are at most risk of being exposed to the hepatitis A virus. Vaccination should be recommended to children aged 12 months or over. For children younger than 12 months, the seroconversion is impaired due to the presence of maternal antibodies in their system [12] . There are 177,635 children younger than 12 months in Paraná. We developed a hypothetical vaccination strategy for this population group, looking at medium and long term results to eliminate hepatitis A from our State. Based on the cost analysis of vaccination (US$10 per dose), we would spend to vaccinate all those children US$ 3,552,700; adding to this figure a 3% rate of adverse events caused by the vaccine that require monitoring, our total calculated cost was US$ 3,569,752.
The literature confirms the positive cost -benefit relation of Hepatitis A vaccination in a region with a high incidence of this disease. On the other hand, a pharmacoeconomy study about a group of vaccinated children who were from an Amsterdam ethnic minority group didn't show any economical advantage with the vaccination [8] . In Thailand, a similar study was performed with adolescents and it didn't show economical advantage with the vaccination either [13] .
Hepatitis A has a high incidence in Chile and it is considered a public health problem there. In that country the vaccination of the population would save around 4 billions of dollars [23] . In the USA, Jacobs RJ et al. studied vaccinated children who lived in a high endemic region and they showed a positive cost -benefit relation of the vaccine [24] . Nowadays Hepatitis A vaccine is recommended in USA and Israel [25, 26] . Rosenthal P. [27] reviewed some economical analysis about Hepatitis A vaccine and he concluded that its economical benefit is similar the other vaccines that are included in the routine child immunization program. Besides this, it is economically acceptable for adolescents and adults who have a high risk to get this disease.
When analyzing the hepatitis A cases in patients aged 50 or less, taking into accounts the treatment costs, our total cost was US$ 8,076,408. So, from a financial standpoint, vaccination is definitely advantageous. Prophylaxis of viral infection, besides preventing social issues, avoids deaths and prevents epidemics. Our study did not evaluate the benefit of "herd immunity", but Wasley et al. [28] and Dagan R et al. (2005) [26] showed in United States and Israel studies that a decline in hepatitis A infection rates in children occurred with the vaccination of one group and helped reduce the transmission in other groups, supporting the hypothesis of a strong herd immunity effect.
The incidence of hepatitis A would not be reduced by the vaccination of specific groups in Brazil. The ideal way would be to adopt routine vaccination in children older than 12 months [26] .
Conclusion
Paraná is a region with a high incidence of hepatitis A. Results has confirmed the positive cost-benefit ratio of the vaccination: it avoids suffering, hospital admissions and death, besides reducing social cost. The vaccine is the only alternative to solve the problem in a short period of time. Vaccination against hepatitis A should be recommended in the routine of immunization program in Paraná state.
Recommendations
In addition to implementing routine vaccination against hepatitis A, the Health Information Systems should be reinforced in order to reduce the number of unreported cases of the disease. 
